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BACKGROUND OF THE INVENTION 

[0001] This patent application claims priority from a 

Japanese patent application No. 2002-289282 filed on October 
1, 2002, the contents of which are incorporated herein by 
reference . 

Field of the Invention 

[0002] The present invention relates to a vehicular lamp 

used in a vehicle. 

Description of the Related Art 

[0003] Conventionally, in a case where power is supplied 

from a power supply to a light source in a vehicular lamp, a 
limiting resistor is provided in series with the light source 
in order to prevent an excess current from flowing in the light 
source as disclosed, for example, in Japanese Patent Application 
Laid-Open No. 2001-215913, pages 2-4 and Figs. 7-8. While the 
light source is placed within a lamp body, the limiting resistor 
is provided in the outside of the lamp body in order to reduce 
effect of heat generated by the limiting resistor on the light 
source and other circuit components. Especially, in a case of 
using a light-emitting diode as the light source, the limiting 
resistor has to be provided in the outside of the lamp body because 
the light-emitting diode is easily influenced by the heat. 
[0004] Moreover, dump surge such as ignition surge occurs 

in the vehicle such as a car. Therefore, the vehicular lamp 
has to include a protection circuit for protecting the light 
source and the like from the dump surge. Additionally, in order 



to protect that protection circuit from water and the like, it 
is necessary to provide the protection circuit in the inside 
of the lamp body. For these reasons, in the conventional lamp, 
the protection circuit is arranged between the limiting resistor 
and the light source. For example, a surge absorber or the like 
is provided as the protection circuit between the limiting 
resistor and the light source in parallel to the light source. 
[0005] However, the protection circuit may not function 

as protection for the light source in some cases, because the 
protection circuit is provided in the downstream of the limiting 
resistor . For example, in a case where the light source is formed 
by a light-emitting diode and the protection circuit is formed 
by a surge absorber or the like, a clamping voltage of the surge 
absorber becomes higher than a forward voltage of the 
light-emitting diode. Thus, the surge absorber does not 
function as the protection circuit for the light-emitting diode . 
[000 6] If the protection circuit is provided in the upstream 

of the limiting resistor so as to make the protection circuit 
function as protection for the light-emitting diode , the limiting 
resistor has to be provided in the inside of the lamp body or 
the protection circuit or wiring therefor should be provided 
in the outside of the lamp body by means of wirings in the air. 
This increases the cost. Moreover, in the case where the 
protection circuit is provided outside of the lamp body, it is 
difficult to protect the protection circuit itself against water 
or impact. 

[0007] As described above, in the conventional vehicular 

lamp, it is difficult to achieve both simplification of the wiring 
and protection by providing the protection circuit within the 
lamp body and the protection of the light source by the protection 
circuit. Additionally, it is difficult to provide the limiting 



resistor in the outside of the lamp body while the protection 
circuit that is effective to the light source is provided. 

SUMMARY OF THE INVENTION 

[0008] Therefore, it is an object of the present invention 

to provide a vehicular lamp, which is capable of overcoming the 
above drawbacks accompanying the conventional art. The above 
and other objects can be achieved by combinations described in 
the independent claims. The dependent claims define further 
advantageous and exemplary combinations of the present 
invention . 

[0009] According to the first aspect of the present 

invention, a vehicular lamp used in a vehicle, comprises: alight 
source operable to emit light in accordance with power given 
thereto; a lamp body operable to accommodate the light source 
and protect the light source f rom water ; a first resistor provided 
in an outside of the lamp body and connected in series with the 
light source; and a current limiting circuit, provided in an 
inside of the lamp body, operable to prevent an excess current 
supplied to the light source in a case where dump surge occurs 
in a supplied voltage or current to be supplied to the light 
source . 

[0010] The current limiting circuit may reduce a current 

flowing through the first resistor in a case where a voltage 
supplied to the first resistor is equal to or higher than a 
predetermined voltage . 

[0011] The vehicular lamp may further comprise a 

transmission line operable to apply a voltage generated by an 
external power supply to the current limiting circuit, wherein 
the current limiting circuit supplies a current received from 



4 

the transmission line to the first light source via the first 
resistor in a case where a voltage received from the transmission 
line is lower than the predetermined voltage, and bypasses at 
least part of the current received from the transmission line 
to ground in a case where the voltage received from the 
transmission line is higher than the predetermined voltage. 
[0012] The vehicular lamp may be a lamp serving as a 

taillight of the vehicle and a stop lamp that emits light brighter 
than the taillight by an external switch; the vehicular lamp 
may further comprise a second resistor provided in the inside 
of the lamp body, the second resistor being connected in parallel 
to the first resistor and in series with the light source and 
having a larger resistance value than the first resistor; the 
first resistor may receive power from the external power supply 
via the switch in a case where the vehicular lamp serves as the 
stop lamp, and the second resistor may receive the power from 
the external power supply via the switch in a case where the 
vehicular lamp serves as the taillight. 

[0013] The vehicular lamp may be a lamp serving as a 

taillight of the vehicle and a stop lamp that emits light brighter 
than the taillight, and the current limiting circuit may include : 
a switching transistor, connected in series with the light source, 
operable to repeatedly switch whether or not a current is supplied 
to the light source; and a duty controller operable to keep the 
switching transistor in ON-state in a case where the vehicular 
lamp serves as the stop lamp and to control a duration ratio 
of an ON-state and an OFF-state of the switching transistor to 
control power to be supplied to the light source in a case where 
the vehicular lamp serves as the taillight. 

[0014 ] The current limiting circuit maybe provided between 

the first resistor and the light source, detect a resistor current 



flowing through the first resistor and bypass a part of the 
resistor current to ground in a case where the detected resistor 
current is larger than a predetermined current. 
[0015] The current limiting circuit may include : a limiting 

transistor, provided between the first resistor and the light 
source, operable to limit a current supplied from the first 
resistor to the light source, and a controlling transistor 
operable to bypass a part of the resistor current to the ground 
and make the limiting transistor limit the current supplied to 
the light source, in a case where the resistor current is larger 
than the predetermined current. 

[0016] The vehicular lamp may be a lamp serving as a 

taillight of the vehicle and a stop lamp that emits light brighter 
than the taillight, and the vehicular lamp may further comprise: 
a chopper controller operable to turn the light source on and 
off to reduce brightness of the light source; a first transmission 
line operable to supply a power-supply voltage generated by an 
external power supply to the first resistor in a case where the 
vehicular lamp serves as the stop lamp; and a second transmission 
line operable to supply the power-supply voltage to the chopper 
controller to make the light source emit light with reduced 
brightness in a case where the vehicular lamp serves as the 
taillight . 

[0017] The chopper controller may include: a switching 

transistor operable to repeatedly switch whether or not a current 
generated by the external power supply is supplied to the light 
source; and a duty controller operable to control a duration 
ratio of an ON-state and an OFF-state of the switching transistor, 
and the duty controller turns the switching transistor off in 
a case where the first transmission line supplies the 
power-supply voltage to the first resistor. 
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[0018] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
described above. The above and other features and advantages 
of the present invention will become more apparent from the 
following description of the embodiments taken in conjunction 
with the accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0019] Fig. 1 shows an exemplary cross-section of a 

vehicular lamp according to an embodiment of the present 
invention . 

[0020] Fig. 2 shows an exemplary circuit structure of the 

vehicular lamp. 

[0021] Fig. 3 shows another exemplary circuit structure 

of the vehicular lamp. 

[0022] Fig. 4 shows still another exemplary circuit 

structure of the vehicular lamp. 

[0023] Fig. 5 shows still another exemplary circuit 

structure of the vehicular lamp. 

[0024] Fig. 6 shows still another exemplary circuit 

structure of the vehicular lamp. 

[0025] Fig. 7 shows still another exemplary circuit 

structure of the vehicular lamp. 

[0026] Fig. 8 shows still another exemplary circuit 

structure of the vehicular lamp. 

[0027] Fig. 9 shows an exemplary structure of light source 

units . 

[0028] Fig. 10 shows still another exemplary circuit 

structure of the vehicular lamp. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0029] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope 
of the present invention, but exemplify the invention. All of 
the features and the combinations thereof described in the 
embodiment are not necessarily essential to the invention. 

[0030] Fig. 1 shows an exemplary cross-section of a 

vehicular lamp 10 according to an embodiment of the present 
invention. The vehicular lamp 10 is provided on the body of 
a vehicle such as a car, and is used as a stop lamp, taillight, 
turn signal and the like. 

[0031] The vehicular lamp 10 includes a lamp body 20, a 

circuit board 40, a plurality of light source units 30 and a 
wiring 31. The lamp body 20 has a transmitting part 24 that 
transmits light generated by a light source 32 and a holder 22 
for storing the circuit board 40 and a plurality of light sources 
32. The transmitting part 24 may be a lens that can diffuse 
or converge the light generated by the light source 32. The 
lamp body 20 has a function of protecting the light sources 32 
and the circuit board 40 from water. That is, the lamp body 
20- seals the light sources 32 and the circuit board 40 therein. 
The lamp body 20 may have an opening that can be blocked when 
the lamp body 20 is attached to the body of the vehicle so as 
to seal and protect the light sources 32 and the circuit board 
40 from water. 

[0032] The light sources 32 emit light by power given 

thereto. In this example, the light sources 32 are 
light-emitting diodes. The circuit board 40 controls the power 
supplied to the light sources 32. To the circuit board 40, the 
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power is supplied from an external power supply via the wiring 
31. The circuit board 40 adjusts the thus supplied power and 
then supplies the adjusted power to the light sources 32. .In 
this example, a battery for vehicle such as a car serves as the 
above-mentioned external power supply. Although the vehicular 
lamp 10 includes a plurality of light sources 32 in this example, 
the vehicular lamp 10 may include a single light source 32 in 
an alternative example. 

[0033] Fig. 2 shows an exemplary circuit structure of the 

vehicular lamp 10. The vehicular lamp 10 has a function of 
protecting the light source unit 30 from dump surge or the like. 
In this example, the vehicular lamp 10 includes a single light 
source unit 30, and further includes the first resistor 46 that 
is provided in the outside of the lamp body 20 and is connected 
in series with the light source unit 30, and a transmission line 
48 for supplying a voltage generated by the external power supply 
200 to the circuit board 40 via an external switch 50. 
[0034] The first resistor 46 is a resistor for defining 

a supplied current to be supplied to the light source unit 30. 
The first resistor 46 may be fixed to the outer surface of the 
lamp body 20 or to the wiring 31, for example. It is preferable 
that the first resistor 46 and the wiring 31 be protected from 
water. The switch 50 can be a switch operable by a user of the 
vehicle, such as a brake switch working with a brake pedal of 
the vehicle or a lamp switch provided in a driver's side in the 
vehicle . 

[0035] On the circuit board 40 are provided a current 

limiting circuit 42 for preventing an excess current from being 
supplied to the light source unit 30 when dump surge occurred 
in the supplied voltage or current to be supplied to the light 
source unit 30, and a diode 52 for supplying a forward current 



to the light source unit 30. The transmission line 48 applies 
a power-supply voltage supplied from a power supply 200 to the 
first resistor 46 and the current limiting circuit 42. 
[0036] The current limiting circuit 42 reduces the current 

flowing through the first resistor 46 when the power-supply 
voltage supplied to the first resistor 46 is equal to or higher 
than a predetermined voltage. Please note that the 
predetermined voltage is a voltage lower than the voltage that 
causes the light source 30 to be broken down. In other words, 
in a case where an excess voltage is applied because of dump 
surge or the like, the current supplied from the transmission 
line 48 to the first resistor 46 is reduced, thereby preventing 
the light source unit 30 from being broken down. 
[0037] In this example, when receiving the power-supply 

voltage, that is lower than the predetermined voltage, from the 
transmission line 48 via the diode 52, the current limiting 
circuit 42 supplies the current received from the transmission 
line 46, to the light source unit 30 via the first resistor 46. 
On the other hand, when receiving the power-supply voltage higher 
than the predetermined voltage from the transmission line 48, 
the current limiting circuit 42 bypasses at least part of the 
current received from the transmission line 48 to ground. The 
diode 52 is providedbetween the switch 50 and the current limiting 
circuit 42 and prevents a reverse current from the current 
limiting circuit 42 to the switch 50. 

[0038] The current limiting circuit 42 includes a Zener 

diode 44 connected in the reverse direction between the 
transmission line 48 and the ground. In a case where a 
power-supply voltage higher than the withstand voltage of the 
Zener diode 44 is applied to the current limiting circuit 42, 
at least part of the current received from the transmission line 



48 is bypassed to the ground via the Zener diode 44. At this 
time, to the first resistor 46 and the light source unit 30 
connected in series, the supplied voltage clamped by the Zener 
diode is applied and the supplied current in accordance with 
that supplied voltage is also supplied. Thus, the current to 
be supplied to the light source unit 30 is controlled to the 
predetermined current or lower, thereby the breakdown of the 
light source unit 30 can be prevented. Moreover, it is desirable 
that the withstand voltage of the Zener diode 44 be higher than 
the power-supply voltage generated by the power supply 200 and 
be lower than the voltage that causes the light source unit 30 
to be broken down. In addition, the current limiting circuit 
42 may include a surge absorber in place of the Zener diode 44. 
[0039] The first resistor 46 supplies the received current 

to the light source unit 30. The light source unit 30 emits 
light in accordance with the received current . The light source 
unit 30 may be formed by a plurality of light sources 32 connected 
in series. It should be noted that the light source 32 is formed 
by a light-emitting diode. 

[0040] In the vehicular lamp 10 of the present example, 

the power-supply voltage is first supplied to the current 
limiting circuit 42 in the inside of the lamp body 20, which 
then detects whether or not dump surge or the like occurs. The 
current limiting circuit 42 then supplies the current received 
from the transmission line 48, to the first resistor 46 in the 
outside of the lamp body 20 in a case where no dump surge was 
detected. Thus, it is possible to protect the light source unit 
30 from an excess current such as dump surge irrespective of 
the magnitude of the forward voltage of the light source 32 in 
the light source unit 30. 



[0041] Moreover, the first resistor 46 can be provided in 

the outside of the lamp body 20 because the current limiting 
circuit 42 outputs the received current to the outside of the 
lamp body 20. Thus, increase of heat within the lamp body 20 
caused by heat generation in the first resistor 46 can be reduced, 
allowing the vehicular lamp 10 to operate precisely. In addition, 
since the current limiting circuit 42 is provided in the inside 
of the lamp body 20, the current limiting circuit 42 can be 
protected , 

[0042] Furthermore, the circuit structure can be 

simplified because no wiring in the air is required as compared 
to a case where the protection circuit or wiring therefor is 
provided in the outside of the lamp body 20, for clamping the 
voltages on the higher-voltage side and the lower-voltage side 
of the power supply 200. 

[0043] Fig. 3 shows another exemplary circuit structure 

of the vehicular lamp 10. The vehicular lamp 10 in the present 
example serves as a taillight of the vehicle such as a car, and 
a stop lamp that emits brighter light than the light emitted 
by the taillight. The vehicular lamp 10 in the present example 
includes a plurality of light source units 30, and further 
includes a plurality of second resistors 60 and a plurality of 
diodes 58 in addition to the circuit structure described 
referring to Fig. 2. The components in Fig. 3 labeled with the 
same reference numerals as those in Fig . 2 have the same or similar 
functions and structures as/to those described referring to Fig. 
2. The first resistor 46 is connected in series with each of 
the light source units 30 that are provided in parallel, thereby 
supplying the power to each light source unit 30. Moreover, 
the vehicular lamp 10 is connected to an external light source 
200 via switches 50 and 56. 



12 



[0044] The second resistors 60 are provided on the circuit 

board 40 in the inside of the lamp body 20 in parallel to the 
first resistor 46. Each second resistor 60 is connected to the 
corresponding one of the light source units 30 in series. 
Moreover, the second resistors 60 have resistor values larger 
than that of the first resistor 46. 

[0045] In a case where the vehicular lamp 10 serves as the 

stop lamp, the switch 50 is turned on, and then the first resistor 
4 6 receives the power from the external power supply 200 via 
the switch 50, thereby the power-supply voltage is applied to 
the current limiting circuit 42 . As described referring to Fig. 
2, when the power-supply voltage is lower than a predetermined 
voltage, the power is supplied to the respective light source 
units 30 via the first resistor 46 and the respective diodes 
58 . 

[0046] In a case where the vehicular lamp 10 serves as a 

taillight, the switch 56 is turned on, and then the second 
resistors 60 receive the power from the external power supply 
200 via the switch 56, thereby the power is supplied to the 
respective light source units 30. Since the second resistors 
60 have the resistance values larger than that of the first 
resistor 46, the power supplied to each light source unit 30 
is lower than the power supplied in the case of the stop lamp. 
In a case where the vehicular lamp 10 includes a plurality of 
light source units 30 connected in parallel to each other as 
in this example, it is preferable that the resistance value of 
the second resistor 60 be larger than the value obtained by 
multiplying the resistance value of the first resistor 46 by 
the number of the light source units 30. In this manner, the 
light source unit 30 can emit light having weaker light intensity 
as compared to the case where the vehicular lamp 10 serves as 



the stop lamp. In addition, since the resistance value of the 
second resistor 60 is larger, even if dump surge or the like 
occurred, the power that is supplied to the respective light 
source units 30 can be suppressed. 

[0047] According to the vehicular lamp 10 in this example, 

in a case where the vehicular lamp 10 is made to operate in a 
plurality of modes in which light intensities are different, 
such as a taillight mode or stop-lamp mode, the current limiting 
circuit 42 is provided for a transmission line used in the mode 
that may be more largely influenced by dump surge or the like. 
Therefore, it is possible to efficiently protect the light source 
unit 30 by a smaller scale circuit. 

[0048] Fig. 4 shows still another example of circuit 

structure of the vehicular lamp 10. The vehicular lamp 10 in 
this example serves as a taillight of the vehicle such as a car, 
and a stop lamp that emits brighter light than the taillight. 
In a case of the taillight, the vehicular lamp 10 performs chopper 
control for the current flowing through the light source unit 
30 to control the light amount of the light emitted by the light 
source unit 30. 

[004 9] The vehicular lamp 10 in the present example includes 

the first resistor 46 provided in the outside of the lamp body 
20, the current limiting circuit 42 provided on the circuit board 
40 in the inside of the lamp body 20, diodes 61, 62 provided 
on the circuit board 40 in the inside of the lamp body 20 and 
a plurality of light source units 30 provided in the inside of 
the lamp body 20. The vehicular lamp 10 is connected to the 
power supply 200 via the switches 50 and 56, as is the case with 
the vehicular lamp 10 described referring to Fig. 2. 
[0050] The diode 61 is provided in series with the switch 

56 and, when the switch 56 is turned on, supplies to the inside 
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of the circuit board 40 a power-supply current supplied from 
the power supply 200. The diode 62 is provided in series with 
the switch 50 and, when the switch 50 is turned on, supplies 
to the inside of the circuit board 40 the power-supply current 
supplied from the power supply 200 . The circuit board 4 0 supplies 
the thus received power-supply current to the light source units 
30 via the first resistor 4 6 provided in the outside of the lamp 
body 20. 

[0051] The current limiting circuit 42 includes a switching 

transistor 64 and a duty controller 67 . The switching controller 
64 is connected in series with a plurality of light source units 
30 and switches whether or not a current is supplied to the light 
source units 30. The duty controller 67 keeps the switching 
transistor 64 in an ON-state in a case where the vehicular lamp 
10 serves as a stop lamp, and controls a duty ratio that is a 
ratio of duration of the ON-state and OFF-state of the switching 
transistor 64 so as to control the power supplied to the light 
source units 30 in a case where the vehicular lamp 10 serves 
as a taillight. 

[0052] The switching transistor 64 is provided in series 

with each of the light source units 30 and switches whether or 
not the current is caused to flow in the light source units 30 
based on the voltage applied to a gate terminal of the transistor 
64 . The switching transistor 64 is formed by a MOS transistor, 
for example . 

[0053] The duty controller 67 detects, in the inside of 

the circuit board 40, the current flowing through the diodes 
61 and 61 or given voltage, and determines based on the detected 
current or voltage whether or not the vehicular lamp 10 is in 
the taillight mode or stop-lamp mode. In other words, by 
detecting which one of the diodes 61 and 62 the power-supply 
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current is supplied to, the duty controller 67 detects which 
one of the switches 56 and 60 is turned on and then determines 
the operation mode in which the vehicular lamp 10 is to operate. 
Moreover, the duty controller 67 may control the current flowing 
through the respective light source units 30 to be approximately 
zero by turning the switching transistor 64 off when detecting 
dump surge or the like in the detected current . It is preferable 
that the switching transistor 64 have a withstand voltage higher 
than the voltage of dump surge or the like. In this manner, 
it is possible to reduce the power supplied to the light source 
units 30 in dump surge, thus preventing the light source units 
30 from being damaged. 

[0054] According to the vehicular lamp 10 in this example, 

since the first resistor 46 is provided in the outside of the 
lamp body 20, the temperature increase in the inside of the lamp 
body 20 caused by the heat generation in the first resistor 46 
can be reduced. This, the vehicular lamp 10 can emit light 
precisely. In addition, since the duty controller 67 is provided 
in the inside of the lamp body 20, the duty controller 67 can 
be protected. Moreover, since the duty controller 67 detects 
the power-supply current in the circuit board 40, no wiring in 
the air is required for detecting the power-supply current and 
therefore the vehicular lamp 10 can be simplified. Furthermore, 
the second resistors 60 can be removed from the structure of 
the vehicular lamp 10 shown in Fig. 3. Thus, the temperature 
increase in the inside of the lamp body 20 can be further reduced. 
[0055] Fig. 5 shows still another example of the circuit 

structure of the vehicular lamp 10. In Fig. 5, the components 
labeled with the same reference numerals as those in Fig. 2 have 
the same or similar functions and structures as/to those 
described referring to Fig. 2. The vehicular lamp 10 in this 
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example includes the first resistor 46 provided in the outside 
of the lamp body 2 0 , a plurality of light source units 30 provided 
in the inside of the lamp body 20, a diode 84 for preventing 
a reverse current, and a current limiting circuit 42 provided 
on a circuit board 40 in the inside of the lamp body 20. 
[0056] The current limiting circuit 42 is provided between 

the first resistor 46 and a plurality of light sources units 
30, and detects a resistor current that is a current flowing 
through the first resistor 46, so as to control based on the 
detected resistor current a supplied current that is a current 
to be supplied to the light source units 30 . The current limiting 
circuit 42 includes a shunt resistor 66, a base resistor 70, 
a limiting transistor 68 , a controlling transistor 7 2 and a bypass 
resistor 74 . 

[0057] The limiting transistor 68 is provided between the 

first resistor 46 and a plurality of light source units 30 and 
limits the current that is supplied from the first resistor 46 
to the light source units 30. The controlling transistor 72 
causes the limiting transistor 68 to limit the current to be 
supplied to the light source units 30 in a case where the resistor 
current is larger than a predetermined current. 

[0058] The shunt resistor 66 is a resistor for detecting 

the resistor current. One end of the shunt resistor 66 is 
connected to the first resistor 46 and the other end is connected 
to the base resistor 70 and an emitter terminal of the limiting 
transistor 68. The base resistor 70 is connected to the shunt 
resistor 66 and the emitter terminal of the limiting transistor 
68 at one end and is also connected to the base terminal of the 
controlling transistor 72 at the other end. The bypass resistor 
74 is connected to a base terminal of the limiting transistor 
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68 and a collector terminal of the controlling transistor 72 
at one end, and is also connected to ground at the other end. 
[0059] When the resistor current is smaller than the 

predetermined current, that is, voltage drop in the shunt 
resistor 66 due to the resistor current is smaller than a threshold 
voltage of the controlling transistor 72, the controlling 
transistor 72 is in the ON-state while the limiting transistor 
68 is in the OFF-state. Therefore, the resistor current is 
supplied to the light source units 30. 

[0060] When the resistor current is larger than the 

predetermined current, that is, the voltage drop in the shunt 
resistor 66 due to the resistor current is larger than the 
threshold voltage of the controlling transistor 72, the 
controlling transistor 72 is placed in ON-state and therefore 
a part of the resistor current is bypassed to the ground via 
the controlling transistor 72 and the bypass resistor 74. At 
this time, the limiting transistor 68 is controlled to reduce 
the current to be supplied to the light source units 30 by the 
voltage that drops in the bypass resistor 74. In this manner, 
the current limiting circuit 42 in this example controls the 
current to be supplied to the light source units 30 in such a 
manner that the voltage that drops in the shunt resistor 66 is 
approximately equal to the base-emitter voltage of the 
controlling transistor 72, when the resistor current larger than 
the predetermined current was detected. 

[0061] According to the current limiting circuit 42 in this 

example, the current to be supplied to the light source units 
30 can be reduced when the resistor current becomes larger than 
the predetermined current. Moreover, even in a case where a 
large current increase such as dump surge or the like occurred, 
the large power is applied to the transistor 68 for a short time 
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only. Therefore, heat generation can be reduced. In addition, 
since the resistor current flowing through the first resistor 
4 6 is detected and the current supplied to the light source units 
30 is controlled based on the detected resistor current, it is 
possible to provide the first resistor 46 in the outside of the 
lamp body 20 and the current limiting circuit 42 in the inside 
of the lamp body 20 . Thus, the temperature increase in the inside 
of the lamp body 20 caused by heat generation in the first resistor 
4 6 can be reduced. Furthermore, the current limiting circuit 
42 can be protected. 

[0062] Fig. 6 shows still another example of circuit 

structure of the vehicular lamp 10. The vehicular lamp 10 in 
this example serves as a taillight of the vehicle such as a car, 
and a stop lamp that emits brighter light than the taillight, 
for example. In a case of the taillight, the vehicular lamp 
10 performs chopper control for the current flowing through the 
light source unit 30 so as to control the light amount of the 
light emitted by the light source unit 30. In Fig. 6, the 
components labeled with the same reference numerals as those 
in Fig. 4 have the same or similar function and structures as/to 
the components described referring to Fig. 4. The vehicular 
lamp 10 in this example includes the first resistor 46 provided 
in the outside of a lamp body 20, a plurality of light source 
units 30 provided in the inside of the lamp body 20, and a current 
limiting circuit 42 provided on a circuit board 40 in the inside 
of the lamp body 20. 

[0063] An external switch 50 switches whether or not power 

is supplied to a plurality of light source units 30. The first 
resistor 46 is provided between a power supply 200 and a plurality 
of light source units 30. 
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[0064] The current limiting circuit 42 is provided between 

a plurality of light source units 30 and the ground, and switches 
based on a supplied current to be supplied to the light source 
units 30 whether or not the supplied current is allowed to flow 
in the light source units 30. The current limiting circuit 42 
includes a duty controller 67, a gate resistor 78, a switching 
transistor 64, a shunt resistor 82, a controlling transistor 
80 and a diode 84 for preventing a reverse current. 

[0065] The switching transistor 64 is a MOS transistor, 

and switches whether or not the supplied current is supplied 
to the light source units 30. The duty controller 67 supplies 
a signal for turning the switching transistor 64 on or off to 
a gate terminal of the switching transistor 64 via the resistor 
78. For example, in a case where the vehicular lamp 10 serves 
as the stop lamp, the switching transistor 64 is kept in the 
ON-state. In a case of the taillight, the duty controller 67 
turns the switching transistor 64 on and off repeatedly, thereby 
controlling the duration ratio of the ON-state and OFF state 
so as to control the power to be supplied to the light source 
units 30. 

[0066] The shunt resistor 82 is a resistor provided between 

the switching transistor 64 and the ground, for detecting the 
supplied current to be supplied to the light source units 30. 
The controlling transistor 80 is connected between the resistor 
78 and the gate terminal of the switching terminal 64 at its 
connecter terminal; is connected to the ground at its emitter 
terminal; and is connected between the switching transistor 64 
and the shunt resistor 82 at its base terminal. 
[0067] The controlling transistor 8.0 controls the gate 

voltage of the switching transistor 64 based on whether or not 
the supplied current flowing through the shunt resistor 82 is 
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larger than a predetermined current, thereby controlling the 
switching transistor 64. That is, in a case where the voltage 
drop in the shunt resistor 82 due to the supped current is larger 
than a threshold voltage of the controlling transistor 80, the 
controlling transistor 80 starts to make the current flow 
therethrough, so as to bypass a part of the signal generated 
by the duty controller 67 to the ground and reduce the collector 
current of the switching transistor 64 . 

[0068] According to the vehicular lamp 10 in this example, 

even if chopper control is performed, when the current largely 
increases due to dump surge or the like, an excess current can 
be prevented from being supplied to the light source units 30 
by reducing the collector current of the switching transistor 
64 . Moreover, according to the vehicular lamp 10 in this example, 
the supplied current to be supplied to the light source units 
30 can be controlled in such a manner that the voltage that drops 
in the shunt resistor 82 is approximately equal to the 
base-emitter voltage of the controlling transistor 80. In 
addition, by providing the switching transistor 64 for performing 
chopper control in the current limiting circuit 42, both the 
protection of the circuit by limiting the current and the chopper 
control can be performed by the same number of transistors as 
the number of the transistors in the vehicular lamp 10 shown 
in Fig. 5. 

[0069] Fig. 7 shows still another example of circuit 

structure of the vehicular lamp 10. The vehicular lamp 10 in 
this example serves as a taillight of the vehicle such as a car, 
and a stop lamp that emits brighter light than the taillight, 
for example. In a case of the taillight, the vehicular lamp 
10 performs chopper control for the current flowing through the 
light source unit 30 so as to control the light amount of the 
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light emitted by the light source unit 30. The vehicular lamp 
10 includes the structure shown in Fig. 5 and further includes 
a chopper controller 76 provided on a circuit board 40 in the 
inside of a lamp body 20 and diodes 92 and 94. Moreover, the 
vehicular lamp 10 is connected to an external power supply 200 
via switches 50 and 56 as is the case with the vehicular lamp 
10 shown in Fig. 2. 

[0070] In a case where the vehicular lamp 10 serves as the 

stop lamp, the switch 50 is turned on. Then, the first 
transmission line 98 supplies a power-supply voltage and 
power-supply current from the power supply 200, to a current 
limiting circuit 42 via the first resistor 46. 
[0071] The current limiting circuit 42 includes the circuit 

structure of the current limiting circuit 42 shown in Fig. 7 
and further includes a Zener diode 128, a resistor 126, a resistor 
124 , a resistor 118 and a transistor 12 0 . These listed components 
bypass a part of the power-supply current supplied from the first 
transmission line 98 to the ground, when dump surge or the like 
occurred . 

[0072] The Zener diode 128 is connected between the first 

resistor 46 and the shunt resistor 66 at one end and is connected 
to the ground at the other end via the resistors 126 and 124. 
It should be noted that the other end of the Zener diode 128 
and the resistors 126 and 124 are connected in series. When 
the power-supply voltage applied to the first resistor 4 6 becomes 
higher than a predetermined voltage due to dump surge or the 
like, the Zener diode 128 supplies a part of the power-supply 
current to the resistor 126 . In this case, the part of the current 
that was supplied to the resistor 126 is bypassed to the ground 
via the resistor 124. 
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[0073] The transistor 120 is connected between the 

resistors 124 and 126 at its base terminal; is connected to the 
ground at its emitter terminal; and is connected to its base 
terminal of the transistor 72 via the resistor 118 at a collector 
terminal. When the current flows through the resistors 126 and 
124 due to the occurrence of dump surge or the like, the transistor 
120 is turned on and therefore a part of the current that was 
supplied to the resistor 66 is bypassed to the ground via the 
resistors 70 and 118, lowering the base voltage of the transistor 
72. Thus, the transistor 72 is turned on and the transistor 
68 is made to become off, thereby the supplied current can be 
reduced. In this manner, when dump surge or the like occurred, 
the supplied current to be supplied to the light source units 
30 is reduced, thus preventing the light source units 30 from 
being damaged. 

[0074] In a case of the taillight, the switch 56 is turned 

on and therefore the second transmission line 100 supplies the 
power-supply voltage and current from the power supply 200, to 
the chopper controller 76 provided between the second 
transmission line 100 and the light source units 30 . The chopper 
controller 76 turns the light source units 30 on and off based 
on the thus received power-supply voltage and current, thereby 
reducing the brightness of the light source units 30. 
[0075] The chopper controller 76 includes a Zener diode 

86, a resistor 88, a switching transistor 64, a resistor 90, 
a resistor 78, a controlling transistor 80 and a duty controller 
67. 

[0076] The switching transistor 64 is provided- between the 

second transmission line 100 and the light source units 30 in 
series with them, and supplies the power for which chopper control 
was performed to the light source units 30 by going on and off. 
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The switching transistor 64 switches, based on the voltage given 
to the gate terminal thereof, whether or not the power-supply 
voltage and current received from the second transmission line 
100, to the light source units 30 via the resistor 90 and the 
diode 94 . In this example, the switching transistor 64 is formed 
by a MOS transistor. The resistor 90 is a resistor for defining 
the supplied current to be supplied to the light source units 
30 and may have a resistance value equal to the resistance value 
of the first resistor 46. Since the current for which chopper 
control was performed flows through the resistor 90, the power 
consumed in the resistor 90 is less than that consumed in the 
first resistor 4 6 . Thus, the temperature increase in the inside 
of the lamp body 20 due to heat generation in the resistor 90 
is less as compared to a case where the first resistor 46 is 
provided in the inside of the lamp body 20. 

[0077] The controlling transistor 80 is connected at its 

collector terminal to the gate terminal of the switching 
transistor 64 via the resistor 78 so as to control the switching 
transistor 64 to be turned on or off. That is, when the 
controlling transistor 80 makes the collector current flow via 
the resistors 88 and 78, the switching transistor 64 is turned 
on. On the other hand, when the controlling transistor 80 makes 
no emitter current flow, the switching transistor 64 is turned 
off . Please note that the resistor 8 8 is a resistor electrically 
connecting the second transmission line 100 and the resistor 
78. Moreover, the Zener diode 86 is provided in parallel to 
the resistor 88, and clamps the voltage applied to the resistor 
88. 

[0078] The duty controller 67 controls whether or not the 

emitter current is made to flow through the controlling 
transistor 80 so as to control the duration ratio of the ON-state 
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and OFF-state of the switching transistor 64. By controlling 
the duration ratio of the ON-state and OFF-state of the switching 
transistor 64 , a desired power can be supplied to the light source 
units 30. 

[0079] In addition, the duty controller 67 includes a means 

for detecting that the switch 56 is in the ON-state . For example, 
the duty controller 67 detects whether or not the switch 56 is 
in the ON-state , by detecting the power-supply voltage or current 
supplied to the circuit board 40 via the second transmission 
line 100. The duty controller 67 controls the duration ration 
of the ON-state and OFF-state of the switching transistor 64 
in a case where the switch 56 is in the ON-state. For example, 
while the power-supply voltage supplied from the second 
transmission line 100 is supplied to the duty controller 67 as 
a driving voltage, the duty controller 67 may be operated only 
when the switch 56 is in the ON-state. 

[0080] The chopper controller 76 further includes a 

resistor 112, a resistor 114, a transistor 110, a resistor 106, 
a Zener diode 108, a resistor 104 and a transistor 102. These 
components detect whether or not the switch 50 is in the ON-state, 
and turn the switching transistor 64 off when the switch 50 is 
in the ON-state so as to stop the supply of the power to the 
light source units 30. 

[0081] The resistors 112 and 114 are provided between the 

first resistor 46 and the ground in series. The transistor 110 
is connected between the resistors 112 and 114 at its base terminal, 
and makes the emitter current flow to the ground when the switch 
50 is turned on. In other words, by means of the resistors 112 
and 114 and the transistor 110, it is detected whether or not 
the switch 50 is in the ON-state. 
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[0082] The resistor 106 is provided between the second 

transmission line 100 and the collector terminal of the 
transistor 110 . The transistor 102 is connected to the resistor 
106 via the resistor 104 at its base terminal. When the 
transistor 110 made the emitter current flow, a current flows 
through the resistor 106 and the transistor 102 receives the 
emitter current from the second transmission line 100. In 
addition, the transistor 102 supplies the collector current to 
the resistor 78, thereby keeping the switching transistor 64 
in the OFF-state. In this manner, only when the switch 50 is 
in the OFF-state and the switch 56 is in the ON-state, the power 
for which chopper control was performed can be supplied to the 
light source units 30. That is, even in a case where both the 
switches 50 and 56 are in the ON-state, it is possible to prevent 
the supply of excess current to the light source units 30, thereby 
protecting the light source units 30. 

[0083] The Zener diode 108 is connected to the resistor 

106 and bypasses the power-supply current to the ground in a 
case where dump surge or the like occurred. Thus, it is possible 
to turn the transistor 102 on and turn the switching transistor 
64 off, thereby the light source units 30 can be protected. 
[0084] According to the vehicular lamp 10 in this example, 

in a case where the power is supplied from the first transmission 
line 98 to the light source units 30, the light source units 
30 can be protected from dump surge or the like by means of the 
current limiting circuit 42. On the other hand, in a case where 
the power is supplied from the second transmission line 100 to 
the light source units 30, the power reduced by chopper control 
is supplied to the light source units 30, and therefore the light 
source units 30 can be protected from dump surge or the like. 
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[0085] Fig. 8 shows still another example of circuit 

structure of the vehicular lamp 10. The vehicular lamp 10 in 
this example serves as a taillight of the vehicle such as a car, 
and a stop lamp that emits brighter light than the taillight, 
for example. In a case of the taillight, the vehicular lamp 
10 performs chopper control for the current flowing through the 
light source unit 30 so as to control the light amount of the 
light emitted by the light source unit 30. In Fig. 8, a power 
supply 200, switches 50 and 56, the first and second transmission 
lines 98 and 100, the first resistor 46 and a plurality of light 
source units 30 are the same as corresponding components in Fig. 
7 . 

[0086] In this example, the vehicular lamp 10 includes a 

current limiting circuit 42, a mode switching part 130 and diodes 
92 and 94 that are provided on a circuit board 40 in the inside 
of the lamp body 20. The diodes 92 and 94 are the same as the 
diodes 92 and 94 in Fig. 7. 

[0087] The mode switching part 130 detects whether or not 

the switch 50 is in the ON-state like the shopper controller 
76 described referring to Fig. 7, and turns the switching 
transistor 64 off when the switch 50 is in the ON-state, thereby 
stopping the supply of the power to the light source units 30. 
[0088] The mode switching part 130 includes a resistor 112, 

a resistor 114, a resistor 106, a resistor 104, a transistor 
110, a transistor 102, a resistor 78 and a transistor 146. The 
components of the mode switching part 130 labeled with the same 
reference numerals as those in the chopper controller 76 in Fig. 
7 have the same functions as components in Fig. 7. 
[0089] The transistor 146 is provided between the second 

transmission line 100 and the light source units 30, and limits 
the power to be supplied to the light source units 30. As is 
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the case with the example shown in Fig. 7, when the switch 50 
is in the ON-state, the transistor 102 makes the collector current 
flow to the ground via the resistor 78. At this time, a voltage 
corresponding to the voltage drop in the resistor 78 is applied 
to a gate terminal of the transistor 146 and the transistor 146 
stops the supply of the power to the light source units 30 . Thus, 
only in a case where the switch 50 is in the OFF-state and the 
switch 56 is in the ON-state, it is possible to supply the power 
to the light source units 30 from the second transmission line 
100. In other words, even if both the switches 50 and 56 are 
in the ON-state, it is possible to prevent an excess current 
from flowing in the light source units 30, thereby the light 
source units 30 can be protected. 

[0090] The current limiting circuit 42 has a similar 

function and structure to those of the current limiting circuit 
42 described referring to Fig. 6. The current limiting circuit 
42 in this example includes the structure of the current limiting 
circuit 42 shown in Fig. 6 and also includes a transistor 154, 
a Zener diode 156, a resistor 158 and a resistor 160. These 
listed components turn the switching transistor 64 off so as 
to protect the light source units 30, in a case where a drain 
voltage of the switching transistor 64 increases due to dump 
surge or the like. 

[0091] The Zener diode 156 is provided between the light 

source units 30 and the ground in parallel to the switching 
transistor 64 . When the drain voltage of the switching 
transistor 64 becomes higher than a threshold voltage of the 
Zener diode 156 due to dump surge or the like, the Zener diode 
156 makes at least part of the supplied current supplied to the 
light source units 30 flow to the ground via the resistors 158 
and 160 connected in series. 
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[0092] The base terminal of the transistor 154 is connected 

between the resistors 158 and 160, and the transistor 154 is 
turned on when a current flows through the resistors 158 and 
160. The collector terminal of the transistor 154 is connected 
between the resistor 78 and the gate terminal of the switching 
terminal 64 , and the emitter terminal of the transistor 154 is 
connected to the ground. When the transistor 154 was turned 
on, a current flows from the resistor 78 to the ground through 
the transistor 154 and the switching transistor 64 is turned 
off. In this manner, in a case where dump surge or the like 
occurred, the current to be supplied to the light source units 
30 can be made zero completely, instead of being merely limited 
by the resistor 82, thus protecting the light source units 30. 
[0093] Fig. 9 shows an example of the structure of a 

plurality of light source units 30. Each of the light source 
units 30 includes a single or a plurality of light sources 32 
connected in series, and a resistor 164 connected in series with 
the light source 32 for defining a supplied current to be supplied 
to the light source 32. In this example, a case is described 
where the vehicular lamp 10 includes light source units 30a and 
30b and the light source unit 30b contains more light sources 
32 than the light source unit 30a. 

[0094] Inacase where the number of contained light sources 

32 is different between the light source units 30, the sum of 
forward voltages of the light sources 32 is different between 
the light source units 30. In this case, by setting a resistance 
value of each resistor 164 in accordance with the number of the 
contained light sources 32 in the same light source unit 30, 
currents to be supplied to the respective light source units 
30 can be made approximately the same. 
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[0095] In this case, however, when the power-supply voltage 

generated by the power supply 200 varied, the currents to be 
supplied to the respective light source units 30 also vary. 
[0096] The light source unit 30 in this example may include 

one or more diodes 162 connected in series with the light source 
32. The number of the diodes 162 is determined in accordance 
with the difference between that light source unit 30 and other 
light source units 30. Moreover, the resistors 164 of the 
respective light source units 30 in this example have 
approximately the same resistance values. That is, the light 
source unit 30 may include one or more diodes 162 for correcting 
variation in the forward voltage by the light source 32 caused 
by the difference of the number of light sources 32 between that 
light source unit 30 and the other light source units 30. 
[0097] In this example, the light source unit 3 0a containing 

less number of light sources 32 includes one or more diodes 162 
for correcting the difference of forward voltage by the light 
source 32. In this manner, even in a case where the supplied 
currents to be supplied to the respective light source units 
30a and 30b are made approximately the same and the power-supply 
voltage generated by the power supply 200 varied, the supplied 
currents canbe kept approximately the same. Thus, it ispossible 
to make the light sources 32 emit light with even brightness. 
That is, variation in emitted light such as irregular color in 
the light source units 30 can be reduced. 

[0098] Fig. 10 shows still another example of the structure 

of the vehicular lamp 10. The vehicular lamp 10 in this example 
serves as a taillight of the vehicle such as a car, and a stop 
lamp that emits light brighter than the taillight . The vehicular 
lamp 10 includes light source units 30a and 30b. The vehicular 
lamp 10 may include a current limiting circuit 42 described 
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referring to Fig. 3 or 5 between a switch 56 and the light source 
units 30a and 30b. Moreover, the vehicular lamp 10 is connected 
to a power supply 200 via switches 50 and 56 as is the case with 
the vehicular lamp 10 described referring to Fig. 2. 
[0099] The light source unit 30a includes a diode 166a 

connected in series with the switch 56 for preventing a reverse 
current, one or more light sources 32 connected in series with 
the diode 166a, a resistor 164a provided between the diode 166a 
and the light sources 32 for defining a supplied current to be 
supplied to the light source 32 and one or more diodes 162 connected 
in series with the light source 32 . The diodes 162 are provided 
for correcting the variation of the sum of forward voltages of 
light sources 32 between a plurality of light source units, like 
the diode 162 described referring to Fig. 9. 

[0100] The light source unit 30b includes a diode 166b 

connected in series with the switch 50 for preventing a reverse 
current, a resistor 164b connected in series with the diode 166b, 
adiode 166c connected in series with the switch 156 for preventing 
a reverse current, a resistor 164c connected in series with the 
diode 166c and light sources 32 provided between the resistors 
164b and 164c. The number of the light sources 32 in the light 
source unit 30b is more than that in the light source unit 30a. 
[0101] The light source unit 30a may include a transistor 

168 functioning as a diode, in place of the diode 162 . For example, 
in order to finely adjust the forward voltage, the transistor 
168 may be included as a diode having different forward voltage. 
Moreover, the forward voltage may be finely adjusted by using 
a Schottky diode, Zener diode or the like, having different 
characteristics as the diode 162. Also, the light source unit 
30b may further include the diode 162 for finely adjusting the 
forward voltage. 
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[0102] According to the vehicular lamp 10 in this example, 

the currents to be supplied to a plurality of light sources 32 
in the light source units 30 can be made approximately the same. 
Thus, variation in light emission such as irregular color or 
uneven brightness or the like can be reduced, 
[0103] As is apparent from the above, according to a 

vehicular lamp of the present invention, it is possible to reduce 
the temperature increase in the inside of a lamp body caused 
by heat generation in a resistor that defines a supplied current 
to be supplied to a light source, by providing that resistor 
in the outside of the lamp body. Thus, the vehicular lamp of 
the present invention can emit light precisely. Moreover, while 
the above resistor is provided in the outside of the lamp body, 
a circuit for controlling the supplied current to be supplied 
to the light source can be provided in the inside of the lamp 
body. Thus, the vehicular lamp of the present invention can 
emit light precisely and safely. 

[0104] Although the present invention has been described 

by way of exemplary embodiments, it should be understood that 
those skilled in the art might make many changes and substitutions 
without departing from the spirit and the scope of the present 
invention which is defined only by the appended claims. 



